G uidelines for head-of-bed (HOB) elevation to prevent aspiration and pressure ulcers are in conflict. As indicated in Table 1 , several expert sources recommend a 45º HOB elevation (unless medically contraindicated) to prevent aspiration [1] [2] [3] while others recommend an HOB elevation between 30º and 45º (again, unless medically contraindicated). [4] [5] [6] [7] [8] [9] [10] In contrast, pressure ulcer guidelines call for raising the HOB no more than 30º to avoid excessive pressure on the sacral region. [11] [12] [13] Although the recommendations overlap, a 45º HOB elevation is generally favored to prevent aspiration in critically ill patients who are receiving mechanical ventilation and tube feedings. 1, 14 Because aspiration is a threat to oxygenation, some authors caution that aspiration is a greater and more immediate concern than are pressure ulcers in critically ill patients. 15 Clearly, the conflicting guidelines regarding aspiration and pressure ulcers are problematic for critical care clinicians who strive to prevent the suffering and increased costs associated with both conditions. 16 
Head-of-Bed Elevation in Critically Ill Patients: A Review
Aspiration of gastric contents is a primary route of bacterial entry into the lungs and is an important factor in the development of ventilator-associated pneumonia (VAP). VAP is the most common nosocomial infection in critically ill patients and is an important cause of prolonged hospitalization and mortality. 17 For example, a review of 89 observational and randomized trials regarding VAP showed that VAP developed in between 10% and 20% of patients receiving more than 48 hours of mechanical ventilation, and critically ill patients in whom VAP develops appear to be twice as likely to die as similar patients without VAP. 18 Further, patients in whom VAP develops may incur at least $10019 in additional hospital costs. 18 Because VAP prevention is partially predicated on the prevention of aspiration, it is understandable why guidelines for both aspiration and VAP include an elevated HOB position. 9, 10 The Centers for Medicare and Medicaid Services (CMS) is considering adding VAP to the list of "never events"; if this happens, punitive reimbursement policies could follow. 19 Pressure ulcers are also associated with adverse outcomes and increased hospital costs. 20 Fatalities from septicemia associated with untreated pressure ulcers are occasionally reported. 21 However, a pressure ulcer is often a marker for coexisting illness and other risk factors for mortality. 22 Among all hospitalized patients, prevalence rates of acquired pressure ulcers are highest in patients in 23 The cost of treating pressure ulcers, especially stage III and IV ulcers, is substantial. 24 The mean cost of care for an acute care patient with a stage III or IV pressure ulcer is reported by the CMS to be $43180. 25 In 2006, the CMS added stage III and IV pressure ulcers to the list of "never events." 26 Beginning in 2008, the CMS refused to pay for the care of a hospital-acquired pressure ulcer in stages III and IV unless it was determined to have been unavoidable. One component of the pressure ulcer guidelines issued by the National Pressure Ulcer Advisory Panel is a low HOB elevation (preferably <30º).
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Pathophysiology of Aspiration
Aspiration is defined as the inhalation of oropharyngeal secretions or gastric contents into the airways beyond the vocal cords. Consequences of pulmonary aspiration depend on the volume and chemical composition of the aspirated material as well as on the presence or absence of infectious agents and the patient's underlying condition. The associated lung injury is characterized by pulmonary inflammation, capillary leakage, and oxidative damage. Variable outcomes are possible, ranging from mild pneumonitis to acute respiratory distress and death. Risk factors for pulmonary aspiration include conditions that depress the level of consciousness, a decreased gag reflex, tracheal intubation, presence of a gastric tube, and a full stomach. Critically ill patients undergoing mechanical ventilation who are receiving tube feedings are at especially high risk for the aspiration of regurgitated gastric contents. Reports of witnessed macroaspirations in critically ill patients range from less than 1% to 11.7% 27 ; far more common are clinically silent, small-volume aspirations. For example, McClave et al 28 reported a 22.1% mean frequency of clinically silent micro aspirations per patient (range, 0%-94%) in a group of 40 adult critically ill, tubefed patients receiving mechanical ventilation.
Pathophysiology of Pressure Ulcers
The National Pressure Ulcer Advisory Panel has defined a pressure ulcer as localized injury of the skin and/or underlying tissue, usually over a bony prominence, as a result of pressure or pressure in combination with shearing force. 11 Oxygen delivery to the skin is compromised when it is exposed to a pressure greater than the capillary closing pressure; if sustained, tissue necrosis results. An elevated HOB position results in an increased interface pressure between the sacrum and the bed's surface; in addition, potential for injury of skin in the sacral region is increased when the HOB is elevated sufficiently to cause the patient to slide downward. The bony prominence most affected by pressure ulcers is the sacrum. 29 For patients turned on their sides at regular intervals, damage of skin over the trochanters may occur (although it is unlikely when patients are turned to an angle ≤30º). Healing rates of pressure ulcers vary considerably and are dependent on comorbid conditions, clinical interventions, and severity of the ulcer.
Purpose
In this article, we review guidelines for HOB elevation to prevent aspiration and pressure ulcers, as well as the limited research-based information in support of the guidelines. Table 2 lists studies relevant to HOB elevation and aspiration [30] [31] [32] [33] [34] [35] [36] [37] (as well as aspiration-related conditions), and Table 3 lists studies relevant to HOB elevation and pressure ulcers.
38-44
Evidence to Support HOB Elevation to Prevent Aspiration
Much of the supportive evidence for a semirecumbent position to prevent aspiration was gathered several decades ago in studies with relatively small sample sizes. In randomized trials of critically ill patients, investigators compared the effect of a supine (0º HOB elevated position) versus a 45º HOB elevated position on aspiration by adding a radioactive substance to gastric contents and subsequently scanning bronchial secretions for radioactivity. 30, 31 This method for testing for aspiration is highly reliable and demonstrates the extent to which HOB elevation is associated with aspiration. In another frequently cited and credible study, 33 researchers assessed for microbiologically confirmed pneumonia when patients were flat in bed versus at a 45º HOB elevation. Because of ethical concerns, it would be not be possible today to assign critically ill patients to a supine position to study aspiration.
Increased compliance with keeping the HOB elevated ≥30° led to a decrease in rates of ventilator-associated pneumonia. Incidence of GER is high in patients with orotracheal intubation and nasogastric tubes Semirecumbency does not prevent GER, although GER tends to occur less often in semirecumbent patients 45° HOB elevation reduces frequency of pneumonia, especially in tube-fed patients Microaspiration common in critically ill, tube-fed patients receiving mechanical ventilation Frequent aspiration significantly increases risk for pneumonia HOB elevation <30° is a significant risk factor for aspiration and pneumonia
Continued
Results
Mean radioactive counts higher in bronchial samples obtained with patient supine vs semirecumbent (4154 cpm vs 954 cpm, respectively, P = .04). Aspiration increased over time while patient supine (2592 cpm at 300 min vs 298 cpm at 30 min, P = .01) Same microorganisms isolated from stomach, pharynx, and bronchial samples in 68% of studies when patients supine, as compared with 32% when patients semirecumbent Radioactivity of pharyngeal secretions higher with patients supine from hours 1-4, P < .05; however, no difference noted at 5 hours Radioactivity in bronchial secretions higher at 5 hours in supine patients compared with baseline (P < .05) and semirecumbency (P < .01) Results of microbiological cultures showed a sequence of colonization from the stomach to the pharynx in 6 patients (4 of them supine), and from the pharynx to the bronchi in 2 others (one supine and one semirecumbent)
In the 50 patients with nasogastric tubes, incidence of GER higher in supine patients (81%, 21/26) than in semirecumbent patients (67%, 16/24), P = .26 In the 20 patients without nasogastric tubes, GER was also more frequent in supine position (50%, 6/12) than in the semirecumbent position (12%, 1/8), P = .16 Overall, GER more frequent in patients with nasogastric tubes than in those without (74% vs 35%, P < .001) Nonetheless, results from these studies are helpful in current practice because they clearly show that a 45º HOB elevation is superior to a "flat in bed" position in preventing aspiration. Recommendations in guidelines to prevent aspiration are largely based on these trials. No randomized controlled trials were identified that compare aspiration while patients are at a 30º HOB elevation versus a 0º elevation, or a 30º elevation versus a 45º elevation. Thus, although a 30º HOB elevation is commonly recommended in practice settings, there is no direct evidence that it is as effective as a 45º elevation in reducing aspiration. However, as indicated in Table 2 , several descriptive studies 34, 35 suggest that an HOB elevation of 30º or greater is associated with fewer adverse outcomes (aspiration and pneumonia) than is a lower HOB elevation. It must be noted that evidence garnered from descriptive studies is not as strong as evidence obtained from a controlled trial where patients are randomly assigned to differing HOB elevations. Further, the descriptive studies [34] [35] [36] [37] described in Table 2 in context with multiple other variables, thus making it difficult to determine the singular effect of HOB elevation on outcomes.
Following a systematic review of 3 of the trials 33, 36, 37 described in Table 2 , a European panel concluded that it is uncertain whether a 45º HOB elevation is effective or harmful in regard to pneumonia and pressure ulcers. 45 One aspect considered in the panel's deliberations was the paucity of data to support the use of a 45º HOB elevation for a sustained period. 45 The authors questioned whether a 45º HOB elevation for 24 hours a day might increase the risk for thrombo embolism, hemodynamic instability, and pressure ulcers. Although these are reasonable concerns, the 3 studies reviewed by the panel did not assess for thromboembolism and hemodynamic instability and only 1 referred to pressure ulcers as an outcome (noting no difference at the end of 1 week between groups with mean HOB elevations of 16º and 23º 
Mean HOB elevation ≥30° found in 90% of intervention group, as compared with 38% of the usual-care group, P < .001 Small-bowel tube placements more frequent in intervention group than in the usual care group (75% vs 50%, respectively, P < .001) Aspiration (defined as at least 1 pepsinpositive tracheal secretion) lower in the intervention group than in the usual-care group (39% vs 88%, P < .001) Pneumonia lower in the intervention group than in the usual care group (19% vs 48%, respectively, P < .001)
HOB elevation to 45° achieved only 15% of study time in the semirecumbent group Average HOB elevations were 9.8° and 16.1°a t day 1 and day 7 for supine group and 28.1° and 22.6° at day 1 and day 7 for the semirecumbent group (P < .001) Microbiologically confirmed VAP was diagnosed in 8/109 patients (7.3%) in the supine group and in 13/112 patients (11.6%) in the semirecumbent group (difference not significant) Pressure ulcers developed in 30% of the patients assigned to the supine group and in 28% of the patients assigned to the semirecumbent group 5 of 17 patients (29%) in treatment group contracted VAP, compared with 7 of 13 (56%) in the control group, P = .18 9 patients who expressed discomfort or who wished to be cared for in positions other than those to which they had been randomized were withdrawn Incidence of pressure ulcers not described Analysis of quarterly hospital-acquired pressure ulcers rates before and after shows no significant difference (P = .11) Before pressure ulcer bundle, quarterly survey results for hospital-acquired pressure ulcer rates were as follows: quarter 1 = 5.7%; quarter 2 = 0%; quarter 3 = 5.2%, and quarter 4 = 0% After implementation of pressure ulcer bundle, quarterly hospital-acquired pressure ulcer rates remained <1% through the year 
Method
Interface pressure profiles of the sacral area obtained for the 0°, 10°, 20°, 30°, 45°, 60°, and 75° HOB elevated positions Measurements obtained using a thin pressure-sensing pad placed under the sacral region Subjects placed supine on standard hospital bed; HOB then raised to 30° according to 2 protocols: (1) supine for 10 minutes without leg elevation alternating with 10 minutes of side-lying, or (2) supine for 10 minutes with leg elevation at 10°a lternating with side-lying every 10 minutes Difference over time between the top edge of the mattress and subjects' acromion measured every 10 minutes Sacral interface pressure measured every 10 minutes using a pneumatic pressure sensor Body displacement and mean sacral interface pressures in both protocols compared by using repeatedmeasures analysis of variance
Interface pressure profiles obtained from sacral, trochanteric, and buttock regions while patients were supine, followed by lateral turning with pillow or wedge support and subsequent HOB elevation to 30°T urning performed by an experienced intensive care unit nurse
Determined rate of hospital-acquired pressure ulcers during year before implementation of bundle intervention Implemented 7-item pressure ulcer bundle; portions pertaining to HOB elevation included (1) elevating HOB to 45º for all patients receiving mechanical ventilation, and (2) maintaining HOB at 30° or less for patients who are not receiving mechanical ventilation, who are at lower risk Determined rate of hospital-acquired pressure ulcers during year following implementation of pressure ulcer bundle Details of 30 individual pressure ulcers described by sketching pressure ulcer photographs Characteristics of pressure ulcers divided into 4 categories: (1) location, (2) shape, (3) type of skin lesion, and (4) periwound skin After identification of pressure ulcer characteristics, in-depth review of medical records to evaluate the pressure ulcers' development process Semistructured interviews with 5 nurses who cared for patients in study; topics included position and positioning methods, criteria for deciding how to position a particular patient, and typical interventions to prevent pressure ulcers Continued benefit of pressure-relieving surfaces in preventing pressure ulcers.
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Compliance With Guidelines in Critical Care Settings
Aspiration Guidelines
Among contraindications to an elevated HOB position are recent lumbar spine injury, hemodynamic instability, trauma of the pelvic region, and severe sacral pressure ulcers. Even when there are no contraindications to an elevated HOB position, it is not consistently applied. (See the study by van Nieuwenhoven et al 36 in Table 2 .) A variety of strategies have been studied in regard to increasing use of an elevated HOB position. For example, Helman et al 46 implemented a standardized order for placing patients in a 45º HOB elevated position, along with an educational program for nurses and physicians; however, compliance with the order was achieved in less than one-third of the observations. Nurses who participated in that study reported the following concerns:
• Increased probability of patient sliding down in bed • More difficulty in turning patient from side to side • Greater pressure exerted on patient's sacral area • Greater discomfort and interference with sleep Even a 30º HOB-elevated position is not consistently used in some critical care settings. 15, 47, 48 (preferably ≥ 30º) as long as it does not conflict with medical interventions, patients' wishes, or nursing tasks.
Evidence to Support a Low HOB Elevation to Prevent Pressure Ulcers
Overall, less research is available about the effect of HOB elevation on pressure ulcer development than on aspiration; further, relatively few studies have been conducted in a critical care setting. Three of the studies [38] [39] [40] described in Table 3 were conducted with healthy persons and show that interface pressure between the skin and bed surface is increased as the HOB angle is increased.
One of the studies 39 also suggests that sliding down in bed is more likely at a 30º HOB angle than when the bed is flat. No randomized controlled trials were identified that compared the effect of various HOB elevations on development of pressure ulcers. However, 1 group of investigators 41 compared pressure ulcer outcomes before and after the implementation of a pressure ulcer bundle (1 component of which was manipulation of the HOB angle) in a critical care setting. A trend toward reduction in pressure ulcer rates was noted, although statistical significance was not achieved. Two other studies described in Table 3 Using a lift sheet to reposition patients reduces shear pressure and lowers risk for pressure ulcers.
reported that the mean backrest elevation in a population of 170 critically patients was 19.2º. Although an elevated HOB position is especially warranted in tube-fed patients, there was no difference in backrest elevation between patients being fed and not being fed. In a 2005 study 15 of 66 critically ill patients monitored during 275 patient days, investigators found that backrest elevations were less than 30º 72% of the time. More encouraging findings were reported in a later study 49 conducted in a thoracic ICU; mean compliance with an HOB elevated position greater than 30º changed from 65% in 2007 to 99% in 2009; associated with this increased compliance was a significant decrease in the incidence of VAP.
HOB elevation is related to acuity level. For example, Evans 48 found a significant negative correlation (r 2 =-0.17) between scores on the Acute Physiology and Chronic Health Evaluation II and HOB elevation in 113 critically ill patients. Evans 48 also reported that patients receiving mechanical ventilation had a lower mean HOB elevation than did self-ventilating patients (19º vs 32º). In a study 50 of 100 patients in a thoracic cardiovascular ICU, investigators found that patients with a mean arterial blood pressure of 64 mm Hg or less had a lower mean backrest elevation (17º) than did patients with a higher arterial pressure (24º). In a study of 438 patients, investigators 51 reported that mean HOB elevations were lower in intubated patients (23º) than in nonintubated patients (33º, P<.001).
Delivery of standard nursing care often calls for temporary lowering of the HOB elevation. For example, because it is difficult to turn patients when the bed's backrest is elevated, nurses usually lower the bed to 0º (in some instances, they may even put the bed in reverse Trendelenberg position while turning patients and pulling them up in bed). There are reports of nurses forgetting to elevate the backrest after completing the turning procedure (sometimes for a period up to 1 hour). 52, 53 Medical procedures (such as insertions of central catheters) can cause temporary interruptions in the desired HOB elevation. Transitory physiological conditions such as hemodynamic instability or low cerebral perfusion pressure also may mandate lowering of the HOB elevation.
Another possible reason for noncompliance with an elevated HOB position is difficulty in making accurate visual estimates of an HOB angle. For example, Hiner et al 54 asked 175 clinicians to estimate a simulated HOB angle of 30º; the angle was perceived accurately by 50% of 89 nurses and 53% of 39 physicians; a higher percentage (86%) of 21 respiratory therapists identified the angle accurately. These findings are significant because some hospital beds do not have built-in electronic devices to determine the bed's angle. 
Pressure Ulcer Guidelines
No studies were located that measured adherence to a low (≤30º) HOB elevation to prevent pressure ulcers in critically ill patients. However, in a study 55 involving 362 long-term care facilities in Missouri, researchers found that minimizing the HOB elevation to less than 30º was done by fewer than 20% of the facilities.
Conclusions
The optimal HOB elevation to balance the risks for aspiration and pressure ulcers is unknown. 15, 39, [56] [57] [58] Thus, a need exists for randomized controlled trials where both outcomes (aspiration and pressure ulcers) are evaluated simultaneously at various HOB elevated positions, especially in a population of critically ill, tube-fed patients receiving mechanical ventilation. Some authors suggest that studies be conducted to compare the commonly recommended 30º to 45º HOB elevations to lower and more achievable levels (such as 10º to 30º). 59 Until more research-based evidence is available, caregivers should consider guidelines from expert panels and ultimately make decisions about HOB elevation in the context of the patient's overall condition. Given current information, the following recommendations may be helpful to critical care clinicians:
• Unless medically contraindicated, maintain an HOB elevation of 45º in patients who are receiving mechanical ventilation and tube feedings. If necessary for comfort, lower the HOB elevation to 30º periodically. • For critically ill patients at less risk for aspiration (eg, patients who are not receiving mechanical ventilation), maintain an HOB elevation of at least 30º unless medically contraindicated.
• Use a pressure-relieving surface for all critically ill patients to reduce the skin-bed interface pressure associated with an elevated HOB position. Routinely assess the patient's skin for signs of a developing pressure ulcer.
• To minimize shear pressure, use a lift sheet to reposition patients (instead of sliding the patient up in bed 
CCN Fast Facts
Facts
There are conflicting guidelines about the use of head-of-bed (HOB) elevation to prevent aspiration and pressure ulcers in critically ill patients.
• Although the recommendations overlap, a 45º HOB elevation is generally favored to prevent aspiration in critically ill patients who are receiving mechanical ventilation and tube feedings. Because aspiration is a threat to oxygenation, it may be a more immediate concern than are pressure ulcers in critically ill patients.
• Aspiration of gastric contents is a primary route of bacterial entry into the lungs and is an important factor in the development of ventilator-associated pneumonia.
• Pressure ulcers are also associated with adverse outcomes and increased hospital costs. A pressure ulcer is often a marker for coexisting illness and other risk factors for mortality.
• Results from early studies are helpful in current practice because they clearly show that a 45º HOB elevation is superior to a "flat in bed" position in preventing aspiration.
• No randomized controlled trials were identified that compare aspiration while patients are at a 30º HOB elevation versus a 0º elevation, or a 30º elevation versus a 45º elevation. Thus, although a 30º HOB elevation is commonly recommended in practice settings, there is no direct evidence that it is as effective as a 45º elevation in reducing aspiration.
• Contraindications to an elevated HOB position are recent lumbar spine injury, hemodynamic instability, trauma of the pelvic region, and severe sacral pressure ulcers. Even when there are no contraindications to an elevated HOB position, it is not consistently applied.
• Standard nursing care often calls for temporary lowering of the HOB elevation. For example, because it is difficult to turn patients when the bed's backrest is elevated, nurses usually lower the bed to 0º. There are reports of nurses forgetting to elevate the backrest after completing the turning procedure. Medical procedures also can cause temporary interruptions in the desired HOB elevation. Transitory physiological conditions such as hemodynamic instability or low cerebral perfusion pressure also may mandate lowering of the HOB elevation.
Conclusions
Until more research-based evidence is available, caregivers should consider guidelines from expert panels and ultimately make decisions about HOB elevation in the context of the patient's overall condition. Given current information, the following recommendations may be helpful to critical care clinicians:
